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(54) Photolithography with multiple level substrate 



(57) A method is provided for performing photoli- 
thography on a substrate which has a first region on a 
lower level and a second region on an upper level, 
wherein a first pattern area exists within said first region, 
a second pattern area exists within said second region, 
and at least said first and second regions are coated 
with a photoresist, the method comprising: 

a) exposing the photoresist through a first mask so 
as to expose said first region including said first pat- 



tern area, and thus create a first pattern in said first 
pattern area, but not expose said second pattern 
area; and 

b) exposing the photoresist through a second mask 
so as to expose said second pattern area, and thus 
create a second pattern in said second pattern area, 
but not expose said first pattern area, and also to 
expose an area of said first region which lies adja- 
cent said second region. 
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Description 

[0001] The invention relates to photolithography on a 

substrate having more than one level. 

[0002] By way of background explanation, in photoli- 5 

thography techniques features are printed by passing 
light through a "reticle", which acts as a mask and is typ- 
ically formed from glass printed with chrome patterns. 
In order to print lines the reticle is provided with slits 
which allow the light to pass through onto the photoresist n 
(a photosensitive layer used to coat silicon in photoli- 
thography techniques). 

[0003] It may be necessary to define patterns on two 
different levels of circuit topography, in microelectronics 
or MEMS (micro electrical mechanical systems) circuits, f 
by optical lithography in cases where upper and lower 
resist images have to be equal in linewidth and resist 
profile. The lower resist image may be formed in a re- 
cessed area of the wafer. 

[0004] Some lithography applications in microelec- - 
tronic or MEMS circuits require patterns, whose linew- 
idth and resist shapes have to be closely matched to 
ensure correct circuit operation, to be defined on differ- 
ent circuit levels as defined by underlying processing. 
The cross-sectional contour of such a part-processed ; 
wafer, usually Silicon but the technique described here 
can be applied to any substrate, is often described as 
circuit topography 

[0005] The difficulty of processing such demanding 
requirements accurately is that the defining optical sys- 
tem, usually a monochromatic reduction lens at 436 or 
365 nm wavelength, has a depth-of -focus (DOF) of 
about 2 micron in which linewidth and profile of the de- 
veloped resist image can be controlled. Therefore when 
circuit topography is of the same order as the DOF or 
greater, resist patterns cannot be adequately controlled 
resulting in inaccurate linewidths in the etched patterns. 
Indeed, both linewidth and shape of the resist image 
contribute towards the etched linewidth. 
[0006] Additionally, the resist may be coated thicker 
over the lower patterns, which can be placed in a recess, 
thus leading to difficulties in completely clearing the de- 
veloped resist within the patterned area and at the edg- 
es of the recess. Typical linewidth in the applications 
tested was between 1 and 2 micron. 
[0007] Preliminary tests are briefly described here in 
order to illustrate difficulties and thus confirm why sim- 
pler techniques are unsuitable. The difference between 
upper and lower patterning levels here is 2 micron. 

i). The first approach was to use a thick resist of the 
order of 4 micron. In general, the resist planarises 
over circuit topography so a thick resist is better 
suited to defining patterns on two circuit levels with 
a single exposure. Inspection by electron microsco- 
py (SEM) showed that when patterns on the upper 
level were clearly developed and correctly exposed, 
the lower patterns exhibited resist scumming. In- 



creasing develop time had no effect on residues. 

ii). We also tried using an alternative resist which 
has better conformality over circuit topography so 
that the difference between coated resist thickness 
over each set of patterns is reduced. The charac- 
teristics of coating over a step are that the resist will 
be thicker at the edges of the recess in which the 
lower patterns are sited. In this case, when upper 
i patterns were exposed to size, the lower patterns 
in their recess exhibited residues only around the 
edges of the recess. 

iii). The next approach to obtaining clear develop- 
> ment in the lower patterns with the same resist was 
to use a double puddle develop process. Puddle de- 
velopment is known and entails covering a wafer 
with developer and allowing it to be static for times 
of about 45 seconds until the developer is depleted. 
o In double puddle development, which can have ad- 
vantages in thick resist applications, a second 
charge of developer is applied after spinning off the 
first. In this test some undeveloped resist was still 
visible in the lower patterns but the double develop 
'5 technique was maintained in subsequent tests. 

iv). The limitations of the preliminary tests above us- 
ing a resist of good conformality are that: 

30 a) When the upper patterns are correctly de- 

fined the lower patterns exhibit scumming even 
with double develop. 

b) The patterns are defined with a single mask 
and single exposure, so that linewidths cannot 
35 be matched. 

[0008] According to the invention there is provided a 
method of performing photolithography and a pair of 
masks for use in such a method, as set out in the ac- 
40 companying claims. 

[0009] It will be appreciated that the method results in 
the edge of any recessed area receiving a double expo- 
sure, thus ensuring that the resist is properly cleared in 
this area. 

45 [0010] An embodiment of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying figure, which is a schematic illustration 
of two patterned areas on a multi-level wafer. 
[0011] Referring to the figure, a wafer substrate is pro- 

50 vided with two pattern areas 2 and 4. Pattern area 2 lies 
within a recess 6, and is thus at a lower level than pattern 
area 4. 

[0012] The substrate is coated with a photoresist, 
which tends to be thicker at the edges of the recessed 
55 area 6, at the bottom of the step between the upper and 
lower levels. 

[0013] The photoresist is exposed in two stages. In 
the first stage, a pattern is created on pattern area 2 (by 
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exposing pattern area 2 through a reticle), while pattern 
area 4 is masked. This is done using a first mask (not 
shown). In the second stage, a pattern is created on pat- 
tern area 4 (by exposing pattern area 4 through a reti- 
cle), while pattern area 2 is masked. This is done using 
a second mask (not shown). 

[0014] The second mask is provided with a "patch" 
which masks pattern area 2. However, although the 
patch covers pattern area 2, it does not cover the whole 
of recessed area 6. 

[0015] Dotted line 8 illustrates schematically the area 
covered by the patch. In fact, the patch only extends 
about 5 microns beyond the edges of the pattern area 
2. The result is that the edge of the recessed area 6, 
which lies outside of the patched area 8, receives a dou- 
ble exposure, which ensures that the resist is properly 
cleared in this area. 

[0016] It should be appreciated that there may be any 
number of upper and lower pattern areas on the sub- 
strate, but only two are shown in the accompanying fig- 
ure for clarity. 

[0017] It will thus be seen that the technique de- 
scribed here uses two masks to define the upper and 
lower layers in separate exposure operations. In this 
embodiment (which is suitable for manufacturing an in- 
fra red detector) there is a need to create identical pat- 
terns on upper and lower levels. The masks for this em- 
bodiment are identical in all but two important respects. 
The mask used to define the upper patterns has protec- 
tive chrome patches over all the lower patterned areas 
and, likewise, the mask used to define the lower patterns 
has similar chrome patches over all the upper patterned 
areas. The size of the chrome patches extends beyond 
the edges of the patterns which they protect by only 5 
micron (at the wafer scale) on each side. 
[0018] Therefore, when the masks are applied se- 
quentially, upper and lower patterns receive a single ex- 
posure but the recess surrounding the lower patterns 
receives a double exposure thus ensuring complete re- 
sist clearance during double development. Other non- 
patterned circuit areas will harmlessly also receive a 
double exposure. The exposures and focus settings 
used for each mask can be different thus ensuring cor- 
rect linewidths and profiles in the developed resist im- 
ages. 

[0019] In this embodiment, wafers were coated with 
1 .8 micron of the chosen resist and exposed at 365 nm 
wavelength with the mask pair in turn. No importance is 
attached to whether upper or lower patterns are defined 
first. The upper patterns were exposed at 250 mJ and 
zero focus whereas the lower were exposed at 230 mJ 
and with a 2.0 micron focus offset. Wafers were then 
developed using the double puddle process. 
[0020] This embodiment allows patterns to be defined 
on different circuit topography where linewidths have to 
be matched. The pair of masks allow separate exposure 
and focus conditions and double exposure of the trou- 
blesome recess around the lower patterned area where 



the resist tends to be thicker as it covers topography. 
Different types of resist can be used, and the double de- 
velop process is optional. 



Claims 

1 . A method of performing photolithography on a sub- 
strate which has a first region on a lower level and 
a second region on an upper level, wherein a first 
pattern area exists within said first region, a second 
pattern area exists within said second region, and 
at least said first and second regions are coated 
with a photoresist, the method comprising: 

a) exposing the photoresist through a first mask 
so as to expose said first region including said 
first pattern area, and thus create a first pattern 
in said first pattern area, but not expose said 
second pattern area; and 

b) exposing the photoresist through a second 
mask so as to expose said second pattern area , 
and thus create a second pattern in said second 
pattern area, but not expose said first pattern 
area, and also to expose an area of said first 
region which lies adjacent said second region. 

2. A method as claimed in claim 1 , wherein step (b) is 
carried out before step (a). 

3. A method as claimed in claim 1 or 2 : wherein said 
first region is a recessed region which lies within 
said second region. 

4. A method as claimed in claim 3, wherein said area 
of said first region which is exposed in step (b) is a 
boundary area which lies around the edges of said 
first region. 



40 5. A method as claimed in any preceding claim, where- 
in said first and second patterns are identical, or 
substantially identical. 

6. A method asclaimed in any preceding claim, where- 
as in said upper and lower levels are separated by 
about 2 microns. 



A method asclaimed in any preceding claim, where- 
in in step (a) said first mask covers the whole of said 
second region. 
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8. A method asclaimed in any preceding claim, where- 
in said first and second masks are the same mask, 
provided with patches in different positions. 

9. A pair of masks for use in any one of claims 1 to 7, 
wherein: 
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a first mask of said pair contains a patterned 
area for exposing said first pattern area, and an 
opaque region arranged to cover at least said 
second pattern area at the same time; and 
the second mask of said pair contains a second 5 
patterned area for exposing said second pat- 
tern area, and an opaque region arranged to 
cover at least said f irst pattern area at the same 
time. 
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(54) Photolithography with multiple level substrate 

(57) A method is provided for performing photoli- 
thography on a substrate which has a first region on a 
lower level and a second region on an upper level, 
wherein a first pattern area exists within said first region, 
a second pattern area exists within said second region, 
and at least said first and second regions are coated 
with a photoresist, the method comprising: 

a) exposing the photoresist through a first mask so 
as to expose said first region including said first pat- 
tern area, and thus create a first pattern in said first 
pattern area, but not expose said second pattern 
area; and 

b) exposing the photoresist through a second mask 
so as to expose said second pattern area, and thus 
create a second pattern in said second pattern area, 
but not expose said first pattern area, and also to 
expose an area of said first region which lies adja- 
cent said second region. 
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